Background. In hepatitis C virus (HCV) positive kidney transplant (KT) patients, the use of alpha-interferon (αIFN) is contraindicated due to the risk of acute rejection (AR). Conversely, if these HCV(+) KT patients lose their allograft, re-transplantation might be contemplated provided αIFN therapy has been attempted. Methods. Between 01/01/1989 and 31/12/1994, 261 kidney transplantations were performed; of these 174 were HCV(-) (group I) and 87 were HCV(+) (group II). Results. At last follow-up (2006), in group I, the number of patients with a functioning graft, the number of patients who died with a functioning graft, and the number of patients who lost their graft before or after month (M) 12 were 92 (52.8%), 14 (8%), 20 (11.5%) and 48 (27.7%), respectively. In group II, the corresponding figures were 22 (25.3%; P < 0.0001), 8 (9.1%; ns), 9 (10.3%; ns) and 48 (55.3%; P < 0.0001). In group I, 19 of 48 (39.5%) patients with failed allografts after M12 underwent transplantectomy (TX) compared to 14 of 48 (29%; ns) in group II. In group II, 11 of 48 (23%) patients were offered αIFN therapy after their allograft failed: of these, four (36.3%) developed AR during αIFN therapy leading to TX. Histology, in addition to chronic allograft lesions, showed acute cellular and vascular lesions. In patients who were not offered αIFN therapy, TX was performed less frequently, i.e. in only six cases (16.2%). Conclusions. We conclude that even αIFN-treated KT patients with a failed allograft can experience acute allograft rejection that requires transplantectomy during therapy.
Introduction
Several cross-sectional studies have indicated that ∼25% of HCV-infected patients who are evaluated for kidney transplantation have significant liver fibrosis (bridging fibrosis or cirrhosis) [1] [2] [3] . Compared to those remaining on dialysis, kidney transplantation confers a survival advantage to hepatitis C virus (HCV)-infected patients; therefore, kidney transplantation should be considered as the treatment of choice for end-stage renal disease (ESRD) [4, 5] . However, although HCV-infected patients fare better with a kidney transplant than those on maintenance dialysis, there is good evidence that HCV-infected kidney recipients have worse patient and allograft survival after transplantation when compared to uninfected kidney transplant recipients [6] [7] [8] . The increased mortality after kidney transplantation in this population has, in part, been attributed to progressive liver disease after transplantation [6] .
Extrahepatic post-transplant complications of HCV infection, such as new onset diabetes [9] , post-transplant glomerulonephritis [10] and sepsis [11] , are additional complications that contribute to the inferior outcomes observed in these patients. Because of the above considerations, it is important to treat HCV infection while the patient is on dialysis, before kidney transplantation, in order to eradicate HCV [12] . A particular setting is represented by those dialysis patients with a previous failed kidney allograft who are to be treated with alpha-interferon (αIFN). Alpha IFN in combination with ribavirin is a well-established therapy for HCV(+)/RNA(+) immunocompetent patients with normal renal function. In the setting of ESRD, ribavirin therapy is contraindicated. Therefore, anti-HCV therapy in dialysis patients relies on αIFN alone [13] . However, αIFN has immuno-stimulating properties that might promote allograft rejection. This has been well-documented in kidney transplant patients [14,-16] , whereas it is less frequent in liver-transplant patients [17] . Recently, Carbognin et al. reported on a case of a repeat-allograft recipient who presented with neutropenic fever after 5 months of pegylated αIFN therapy, which was initiated 6 months following the functional loss of his third graft and the re-initiation of haemodialysis (HD) [18] . This led to allograft nephrectomy; the pathologic findings supported a diagnosis of acute-on-chronic rejection. Herein, we report on four cases of acute-on-chronic rejection, which occurred in dialysis patients with failed kidney allografts while receiving αIFN for chronic HCV infection. This represents the largest series of cases reported so far.
Patients and methods
Between 01/01/1989 and 31/12/1994, 261 cadaveric adult kidney transplantations have been performed in our institution. Based on the study of frozen serum samples from the day of transplantation (D0) we have been able to separate the patients on the basis of HCV status at D0. The D0 serum was first assessed for the presence of HCV antibodies. If they were found to be negative, no further test was performed. Conversely, if they were HCV seropositive, we assessed HCV RNA. Thus, 174 patients were HCV seronegative, whereas 87 patients were HCV/RNA positive. Based on the findings of D0 HCV status, 174 patients were HCV seronegative (group I), whereas 87 were HCV RNA positive (group II). These patients were followed-up prospectively until 2006, i.e. a follow-up of 11-17 years. Group II patients were not offered αIFN therapy because it was shown that αIFN induced transplant acute rejection (AR) [14] [15] [16] . At last follow-up in group I, the number of patients with a functioning graft, the number of patients who died with a functioning graft, the number of patients who lost their graft before or after month (M) 12 were 92 (52.8%), 14 (8%), 20 (11.5%) and 48 (27.7%), respectively. In group II, the corresponding figures are 22 (25.3%; P < 0.0001), 8 (9.1%; ns), 9 (10.3%; ns) and 48 (55.3%; P < 0.0001) (see Table 1 ). For those patients who lost their allograft function, when they went back to chronic dialysis therapy, immunosuppressive drugs were abruptly stopped overnight except for low-dose prednisolone. The latter was maintained at a dose ranging from 5 mg on alternate days to 5 mg/day; it was eventually stopped 6 months after dialysis therapy was resumed, provided there was no evidence of adrenal insufficiency. When the patients with failed allografts resumed dialysis, αIFN therapy was offered to those for whom a subsequent kidney transplant was contemplated. Of those kidney transplant patients with failed allografts, when signs of allograft intolerance/rejection were present, i.e. allograft tenderness, allograft pain with fever, gross haematuria, uncontrolled inflammatory syndrome, or resistance to recombinant erythropoietin in the absence of iron deficiency, an allograft transplantectomy (TX) was undertaken. 
Results
We have detailed the data of four patients with failed allografts who developed acute kidney allograft rejection following αIFN therapy for chronic hepatitis C infection (see Table 2 ). With respect to histological findings, in addition to chronic allograft lesions, two patients presented with acute interstitial inflammation; interstitial oedema was diffuse in two cases; there were microthrombi within the arteries of two cases, and interstitial haemorrhages in two cases. C4d staining was not performed because no frozen material was available. Donor-specific anti-HLA alloantibodies were positive before αIFN therapy in two patients, became positive during αIFN therapy in one patient, and remained negative in the latter. Case 1: A 32-year-old (HCV(+)/RNA(+) kidney recipient underwent a second allograft in 1989. Despite immunosuppression, which included ciclosporine A (-CsANeoral R ), azathioprine (AZA), and low steroid doses, he developed chronic allograft nephropathy, which lead to endstage renal failure (ESRF) in October 2003. Immunosuppression was then withdrawn except for a low dose of prednisone (5 mg/day). A liver biopsy was performed, which showed a Metavir score of A1F2. In September 2005, we started pegylated αIFN therapy (Pegasys R 135 µg s.c./week), scheduled for 1 year, before contemplating a third kidney transplant. Two months after starting αIFN therapy, while his HCV RNA had become negative, the patient developed gross haematuria, a painful transplant, and had a mild inflammatory syndrome. We decided to perform a transplantectomy. The histology, in addition to chronic allograft lesions, showed diffuse interstitial haemorrhage, diffuse interstitial infiltration by lymphocytes and plasmocytes and arterial thrombi.
Case 2:
A 28-year-old HCV(+)/RNA(+) patient received his first kidney allograft in 1992: he progressively developed chronic allograft dysfunction, which lead to ESRF in March 1999. At this point, CsA and AZA were withdrawn, and prednisone was continued at 5 mg/day. At 2 months later, because he presented with a persisting increase in alanine aminotransferase (ALT) levels, we decided to start αIFN therapy at 3 × 10 6 units three times a week. By 75 days later, he had developed high grade fever (40
• C), haematuria, and pain within his allograft. Biological tests showed C-reactive protein of 328 mg/l and new onset anaemia (haemoglobin at 9.7 g/dl). At this point he underwent transplantectomy. We found interstitial haemorrhage, peritubular capillaritis, and venous thrombi, supporting acute humoral rejection on chronic rejection.
Case 3: In 1989, a 32-year-old HCV(+)/RNA(+) man underwent a second transplant. He progressively developed chronic allograft nephropathy, possibly related to HCV infection, and resumed HD in January 2001. At this point, CsA and AZA were withdrawn and prednisone was maintained at 5 mg/day. In March 2001, he underwent a liver biopsy, which showed a Metavir score of A2F2. Because he wanted a third transplant, we began treating his HCV infection with αIFN at 3 × 10 6 units, three times a week, from March 2002 for 1 year; it should be noted that prednisone was stopped in December 2001. Twelve months after starting αIFN therapy, while his HCV RNA had become negative, he presented with gross haematuria, pain within the allograft, and mild fever. We performed a transplantectomy, which showed acute rejection upon chronic lessions.
Case 4: In February 1991, a 57-year-old HCV(+)/ RNA(+) patient underwent his second kidney transplant. In 1993, because of chronic active hepatitis, he underwent αIFN therapy (3 × 10 6 units three times a week) while serum creatinine was normal at 120 µmol/l. Despite immunosuppression (CsA, AZA, steroids) he developed acute cellular and vascular rejection, which was treated with methylprednisolone pulses (10 mg/kg/day for three consecutive days). There was a partial response to steroid therapy; however, despite the withdrawal of αIFN, he rapidly experienced ESRF, which lead to chronic HD in September 1994. Because he wanted a third transplant and because his liver biopsy showed chronic active hepatitis, in June 1995, he underwent a second session of αIFN therapy (3 × 10 6 units three times a week). Immunosuppression was based on prednisone (5 mg/day). Three weeks later, he presented with fever (39 • C), high CRP level (173 mg/dl), a decrease in Hb (9.5 g/dl), and a painful graft. He underwent TX, which disclosed interstitial oedema, capillaritis lesions and chronic rejection lesions (see Figure 1 ).
Discussion
Alpha IFN is effective for viral eradication in HCV-infected patients, especially when combined with ribavirin. However, administration of interferon after kidney transplantation can be deleterious to the allograft and should generally be avoided in kidney transplant recipients unless there is indication of worsening hepatic injury e.g. fibrosing cholestatic hepatitis [19] . This suggestion is supported by evidence of kidney graft dysfunction during interferon therapy [14] [15] [16] : reported rates of kidney graft dysfunction range from 9 to 100%, with most episodes occurring between 0.3 and 8 months after initiation of therapy. In several cases, graft dysfunction limited the benefit of interferon and was followed by graft loss. Most kidney graft dysfunction was related to increased rates of AR associated with the use of this immunostimulatory agent. It was shown that some patients developed antibody-mediated humoral rejection [16] . In non-transplant patients, αIFN has also been associated with the exacerbation of cryoglobulinemia [20] , as well as acute renal failure [21] and glomerulopathy [22] .
In the setting of a renal patient with a failed allograft requiring chronic dialysis therapy, immunosuppression is usually stopped quite abruptly except for steroids, which are very progressively reduced due to the potential hazard of adrenal insufficiency. In this setting, it may sometimes happen that the failed allograft is rejected requiring a TX. Because chronic HCV infection cannot be safely treated when the patient has a fully functioning allograft, the treatment has to be attempted when the allograft has failed in order to give the patient the opportunity to have sustained clearance of HCV. Hence, in HCV haemodialysis patients treated by αIFN, sustained HCV clearance might be obtained in up to 50% of patients [23] [24] [25] . Moreover, these patients are totally cured of HCV infection because, when they subsequently benefit from a kidney transplant, HCV infection does not recur despite immunosuppression, including induction therapy with lymphocyte-depleting agents [12] . In HCV(+)/RNA(+) dialysis patients with a failed allograft, no data are available regarding the efficacy of αIFN. However, most of these patients do not have immunosuppression or at best, are receiving very low steroid doses; therefore, their response to αIFN therapy may not be modified as compared to dialysis patients who have never received a kidney transplant. Also, because αIFN has immunostimulating properties, this might result in acute-on-chronic rejection, even in failed allografts. This was suggested recently in a case report [18] . In our prospective series, TX was no more frequent in HCV(+) than in HCV(-) patients with failed allografts. However, in HCV(+) patients, a TX was required more frequently in those who were given αIFN (36.3%) than in those who did not receive αIFN (16.2%). In those patients who developed acute-on-chronic rejection on their failed allografts, histology studies showed evidence of both cellular and vascular rejection. We looked for the presence of donor-specific alloantibodies: this was found in only one patient after TX. Because we were not able to stain the transplant biopsies for the presence of C4d, we cannot ascertain whether these acute-on-chronic rejections were of the humoral type. Thus, we recommend that dialysis patients with a failed allograft requiring αIFN therapy should be rigorously monitored in order to detect acute allograft rejection. It does not seem reasonable to advocate pre-emptive transplantectomy, nor to increase immunosuppression before αIFN is implemented in these patients.
We conclude that even αIFN-treated kidney transplant patients with a failed allograft can experience acute allograft rejection on chronic rejection that requires transplantectomy during αIFN therapy.
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